This study investigated the influence of mixing and fermentation times on the chemical and physical properties of white pan bread, a typical bread consumed in Japan. Sixteen bread samples were made by combining four dough mixing stages and four dough fermentation times, and were analyzed for compression force, acids, sugars, amino acids, volatile chemicals, and overall preference in a sensory evaluation. Acids, sugars, and amino acids were analyzed using HPLC, while volatile flavor compounds were analyzed with GC/MS. The effects of mixing and fermentation times on these parameters were analyzed using analysis of variance (ANOVA). Fermentation time was positively correlated with the majority of volatile chemicals and acids, and negatively correlated with amino acids.
Introduction
Bread was introduced to Japan in the middle of the 19 th century, but became important as a staple food after World War II. As of 2011, the consumption of bread has surpassed that of rice in terms of monetary amounts i)
. More than one-half of the bread produced in Japan is white pan bread (Shoku-pan), which is made from flour with very high protein and low ash contents, and is baked into a Pullman loaf shape. Due to the flour characteristics and manufacturing methods that employ a relatively high mixing energy, white pan bread has a typical soft texture and fine pore structure.
In the manufacturing of bread, the mixing and fermentation processes have a large influence on the end product. The mixing process has three objectives (Seabourn, et al. 2008) : to homogenize all of the ingredients, to develop a three-dimensional protein network with the capacity to hold gas, and to incorporate air cells into the dough. The degree of mixing affects the aeration and rheology of the dough , which ultimately affects the structure and texture of the baked bread. In this context, the relationship between mixing conditions and bread texture has been studied intensively (Ktenioudaki, et al. 2010, Paredeslopez and Bushuk 1983) . However, there are few reports relating mixing conditions to the chemical composition of the bread as well as its flavor and taste. (Frasse, et al. 1992 , Maeda, et al. 2009 ).
Ultimately, with optimal mixing and fermentation conditions, the dough obtains desirable viscoelastic properties after the final proofing stage, enabling it to expand in the oven (oven spring) and resulting in a bread with desirable volume, gas cell structure, and
flavor. This study focuses on the manufacturing processes of white pan bread with the following objectives: to quantify the influence of mixing and fermentation times on the chemical and physical
properties of the bread, and to determine the optimum processing parameters that produce bread exhibiting high preference in sensory tests.
Materials and Methods
Sample preparation White bread samples were prepared using the no-punch straight dough method, as described by Maeda, et al. (2009) . Table 1 shows the sample ingredients. Mixing times were set at four levels, as shown in Table 2 , and primary fermentation times were set at 15, 60, 120, and 300 min. All combinations of mixing and fermentation times were used to make 16 types of samples. In the standard manufacturing process, the dough is mixed to the final mixing stage (level 3) and the primary fermentation time is 120 min.
All samples were mixed by a mixer (DTM-50; SK Mixer Co., Ltd., Saitama, Japan) and primary fermentation was performed in a fermenting vessel (Took Final Proofer; Tokura Shoji Co., Ltd., Shiga, Japan) at 27℃ and 75% relative humidity. The samples were divided evenly into doughs weighing 460 g, rolled, and allowed to rest for 20 min at room temperature before molding with a molder (Wide Find; Oshikiri Co., Ltd., Kanagawa, Japan).
Final proofing was performed at 38℃ and 85% relative humidity in a rectangular mold until the top of the dough was 2.5 cm below the top of the mold. The molds were sealed with a lid, and the doughs were baked into a Pullman shaped loaf in an oven (Took Oven; Tokura Shoji Co., Ltd.). The baking temperature was 210℃ and the baking time was 38 min. All loaves reached the top of the mold after baking and their specific volumes were 4.0 cm 3 /g. The sample preparation processes were performed by well-trained professionals in the field of bread making.
All 16 bread samples were cooled to room temperature for one night and sliced to 18-mm thickness. The two slices at each end were discarded and the four slices in the middle were used for the following measurements.
Compression test The compression test was performed according to the AACC method (AACC 1999), with some modifications. The measuring device (EZ Test-20N; Shimadzu Co., Kyoto, Japan) was corrected with a 10 N standard test weight before measurement.
The crust was cut off from each slice and the inner crumb was used for measurement. A circular plunger with a diameter of 60 mm was used to compress the sample to 75% of its original height (18 mm × 75% = 13.5 mm), and the maximum compression force was recorded. The diameter of the plunger and the distortion rate was decided based on pre-experiment results. The compression 
HPLC analysis of sugars, organic acids, and amino acids
Organic acids, sugars, and amino acids were analyzed with HPLC.
The crust was cut off from the bread slices and the crumb was frozen at _ 50℃ in a quick freezer (FR-6C3D-S; Hoshizaki Electric Co., Ltd., Aichi, Japan) for one night. The samples were transferred to a vacuum freeze-dryer, which was cooled to _ 50℃, and were ). An Asahipak NH2P-50 column (4.6 mm x 250 mm, Showa Denko K.K., Tokyo, Japan) was used.
Analysis was performed for the sugars listed in Table 3 . Calibration curves were made with 1000 ppm, 100 ppm, and 10 ppm solutions.
Three types of eluent were made by mixing 0.5% phosphoric acid and acetonitrile / water solution mixed at volume ratios of 90/10, 75/25, and 60/40. Detection solution was made by mixing phosphoric acid, acetic acid, and phenylhydrazine at a volume ratio of 220/180/6. The column temperature was 40℃, sample quantity was 10 μL, and analysis time was 75 min. Detection was performed with an excitation wavelength of 330 nm and an emission wavelength of 470 nm.
Sample preparation for amino acid analysis was the same as that of acids and sugars, except that extraction was performed with citric acid buffer solution (pH 3.15) instead of water. An automatic amino acid analyzer (JLC-500/V; JEOL Ltd., Tokyo, Japan) was used with a LCR-6 column (4 mm x 120 mm; JEOL Ltd.). Amino acids listed in Table 3 were analyzed. The sample quantity was 50 μL and detection was performed with the ninhydrin method using 440 nm for hydroxyproline and proline, and 570 nm for the Table 3 . Analyzed acids, sugars and free amino acids other amino acids. (4) to (6) correspond to values where mixing time and fermentation time play a major effect, respectively, and patterns (7) to ( 
Identification of flavor compounds by GC/MS

Results and Discussion
Compression test results For the 48 samples measured, the average load was 0.33 kgf, maximum load was 0.71 kgf (mixing time level 1, fermentation time 15 min), and minimum load was 0.17 kgf (mixing time level 4, fermentation time 120 min). Table 4 shows the quantities of acids, sugars, and amino acids measured with HPLC.
Analyses of taste compounds by HPLC
The average values of the 16 types of bread are shown with the standard deviations. The quantitative changes of these components through mixing and fermentation will be discussed in later sections.
The ratios of the six organic acids were well balanced, with citric, malic and succinic acids adding up to more than 70% of total acids. Although organic acids are important in the taste of sourdough fermentation, where lactic acid bacteria are added to the dough, their quantity and contribution to taste were much lower in the yeast-fermented dough. However, they are known to affect the viscoelastic properties of the dough through their effect on pH. Approximately one-half of total sugars comprised maltose, followed by fructose, lactose, and glucose, with only traces of xylose, arabinose, mannose, galactose and sucrose. There are three sources of sugar in the dough: sugars naturally present in the flour
(1 _ 2% of total carbohydrates), sugar added as an ingredient, and maltose produced by the amylolytic breakdown of starch (Bell, et al. 2001) . During fermentation, glucose and fructose are the first sugars to be used through yeast activity, while sucrose is rapidly broken down to glucose and fructose by yeast enzymes. On the other hand, maltose is not consumed until glucose is almost exhausted, due to yeast regulatory mechanisms (Maloney and Foy 2003) . This is thought to be the reason for the high ratio of maltose in the crumb.
Amino acids not only contribute directly to the flavor and taste of bread, but also react with reducing sugars during the baking process to produce Maillard reaction products, which affect the color, flavor, and taste of the bread. Glutamic acid and ammonia account for a large proportion of the amino acids in flour (Chen and Bushuk 1970, Tkachuk 1965) and this seemed to be reflected in the amino acid composition of the doughs. Glutamic and aspartic acids are known for their "umami" flavor (Fuke and Konosu 1991) , and glycine, alanine, and aminobutyric acid exhibit a sweet taste that is about one-half the degree of sucrose (Ishibashi, et al. 1988 ).
Arginine, histidine, and leucine are known to produce a (Collar, et al. 1992 , Thiele, et al. 2002 . It is suggested that with 300-min fermentation, the growth of yeast cells enters the stationary phase, and the enzymatic break down of proteins in the wheat leads to an increase of these amino acids. The pattern of ornithine was positively correlated with pattern 6, meaning that it first increased until 30 min of fermentation, and then decreased with longer fermentation times. Conversely, proline and taurine were negatively correlated with pattern 6.
It is noteworthy that while succinic, lactic, and citric acids increased with longer fermentation times, ascorbic acid decreased significantly. Lactic acid is produced by lactic acid bacteria naturally present in flour and yeast (Takeda, et al. 1984) , and citric acid is a typical product of fermentation (Theron and Lues 2011). Ascorbic acid, which is sometimes added as a dough improver, has been shown to degrade through the dough manufacturing process (Nakamura and Kurata 1997) , and this is thought to be the reason for its decrease.
Five types of sugars, xylose, mannose, fructose, sucrose and glucose, also had a negative correlation to pattern 4, meaning that the amount of sugars decreased with fermentation time.
Conversely, many flavor compounds such as alcohols (ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 2-methyl-1-butanol), ketones (2,3-pentanedione, 3-methyl-2-butanone), esters (ethyl acetate), aldehydes (2-butenal, benzene acetaldehyde), and carboxylic acids (2-methylbutanoic acid, 3-methylbutanoic acid)
increased with fermentation time. This is understandable, since the sugars are consumed by the yeast during fermentation and are metabolized into a variety of flavor compounds.
Pattern 5 is interesting because it shows a maximum or minimum value at a fermentation time of 120 min, which is the time used in the standard manufacturing process. A compound known for its "butter" flavor, 2,3-butanedione showed a maximum value at 120 min. This compound is formed during the fermentation process and in the Maillard reaction (Jensen, et al. 2011) . Figure 2E shows the pattern of decanoic acid, which shows maximum correlation (negative) to pattern 6 and is minimized when fermented for 60 min. The amino acids proline and taurine, and 3-methyl-1-butanol show similar trends, and as can be seen from Fig. 2E , these components increased dramatically with 300-min fermentation.
Components that have a high correlation with patterns 7 to 22
are influenced both by mixing and fermentation times. Figure 2F shows the pattern for lactose. Maltose (Fig. 2G) larger than in the other mixing stages. Galactose (Fig. 2H ) also increased slightly in the pickup stage, but showed opposite trends in terms of fermentation time, with larger amounts found in the dough fermented for 300 min. Galactose is produced from the breakdown of lactose, and this may be the reason for its increase during fermentation. Figure 2I shows the pattern for the load in the compression test.
The load was lowest (the crumb was softest) when the dough was mixed to the final stage and fermented for 300 min, and became higher (the crumb becomes tougher) as mixing and fermentation times became shorter. Over-mixing and fermenting for 120 min produced low values that were comparative to the minimum value.
One of the goals of mixing is to create a three-dimensional gluten network capable of holding the gas created during fermentation and baking, resulting in bread with a porous and soft crumb . Fermentation not only produces the CO 2 gas that creates the porous structure, but has a similar function to mixing by stretching the dough around the bubbles, helping to develop the gluten matrix (Tlapale-Valdivia, et al. 2010) . Therefore, it is understandable that longer mixing and fermentation times generally created softer breads.
Finally, Fig. 2J shows the pattern for 2-methyl-1-propanol, which showed the highest correlation to pattern 10, and was maximized when mixed to the pickup stage and fermented for 300 min. Higher alcohols, such as 2-methyl-1-propanol, 3-methyl-1-butanol and 2-methyl-1-butanol, are produced during the fermentation process. Figure 3 shows the 2D mixing-fermentation pattern for the sensory evaluation that tested for "overall preference". The pattern showed the highest correlation to pattern 15, with a correlation coefficient of 0.55 and p pattern = 1.53E-09. Pattern 15 shows a maximum value with the combination of over-mixing and 60 min of fermentation.
Effects of mixing and fermentation times on sensory evaluation
Results of two-way ANOVA showed that sensory evaluation results were influenced mainly by fermentation time (p mixing = 0.058, p fermentation = 0.0078). Although the dough is mixed to the final mixing stage and fermented for 120 min in the standard manufacturing process, mixing for longer times and fermenting for a shorter period produced breads with higher preference. However, it should be noted that breads that were mixed to the over-mixing stage and fermented for 120 min also showed high values in the sensory evaluation. In addition, there was a general trend that longer fermentation times (with the exception of 300 min) were preferred for breads that were mixed for a short time.
None of the chemical and physical measurements showed high correlation to the sensory evaluation pattern (pattern 15), indicating that maximizing or minimizing a particular constituent or physical value would not lead to overall preference. In particular, the panel showed low preference for all samples fermented for 300 min, which may be because of the multiple flavor and taste compounds that increased during the long fermentation time.
Conclusions
Of all the physical and chemical properties measured, the majority were influenced mainly by fermentation time, rather than by mixing time and energy. However, many properties were influenced both by mixing and fermentation times, e.g., some
sugars and compression load. For these parameters, similar effects were observed between prolonged mixing and fermentation times.
Many chemical components showed a minimum or maximum value in the dough with the longest fermentation time. However, overall preference in the sensory evaluation was the highest in the bread mixed to the over-mixing stage and fermented for 60 min or 120 min, and preference significantly decreased when the dough was fermented for 300 min. This shows that maximizing or minimizing a particular chemical component or physical value does not result in high preference. The results of this study are expected to be of importance in controlling the flavor, taste, and texture of white pan bread.
